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ABSTRACT 
 
 
 
 
 Fractionation of full cream milk protein using two protein separation 
techniques which are crossflow filtration and conventional method was examined.  
Two membrane of MWCO of 10 and 50 kDa of polyethersulfone material were used 
to determine the efficiency of the process for crossflow filtration and filter paper 
were used for conventional method.  The performance of crossflow filtration was 
determined under various processing conditions that include the transmembrane 
pressure across the membrane and the concentrations of milk sample from permeate.  
Among the membrane pore sizes tested, it was found that the 10 kDa MWCO 
membrane cassette can collected more protein compare with 50 kDa MWCO 
membrane cassette and conventional method.  Permeate flux was primarily affected 
by pump speed and transmembrane pressure.  The optimal operating conditions for 
this separation were transmembrane pressure of 15 psi for 10 kDa MWCO 
membrane.  From the experiment, it showed that the permeate flux increased by 
increasing the time of operation, and transmembrane pressure.  The high of 
transmembrane pressure can affect the process of protein separation because some 
fouling occurred at the membrane. 
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ABSTRAK 
 
 
 
 
 Pecahan protein dalam susu penuh krim dengan menggunakan teknik 
mengasingkan protein iaitu penapisan aliran halangan dan cara mengikut 
kebiasaan.diselidik. Dua membran yang digunakan iaitu 10 dan 50 kDa jisim 
pemotongan molekul yang diperbuat daripada ‘polyethersulfone’ telah digunakan 
untuk menentukan keberkesanan proses penapisan menggunakan penapis aliran 
halangan dan kertas turas menggunakan cara kebiasaan.  Perlaksanaan bagi penapis 
aliran halangan boleh ditentukan dengan beberapa keadaan proses yang terdiri 
daripada tekanan transmembran yang melalui membran dan kepekatan sampel susu 
daripada ‘permeate’.  Antara ujian saiz liang membran, dijumpai bahawa membran 
kaset 10 kDa jisim pemotongan molekul boleh mengumpul lebih banyak protein 
berbanding membran keset 50 kDa jisim pemotongan molekul dan cara kebiasaan.  
Halaju pum dan tekanan transmembran boleh memberi kesan terhadap ‘permeate’ 
fluks.  Keadaan operasi yang optimal bagi perpisahan protein ini ialah pada tekanan 
transmembran 15 psi untuk membran 10 kDa jisim pemotongan molekul.  Melalui 
ujikaji ini, menunjukkan bahawa ‘permeate’ fluxs meningkat dengan peningkatan 
masa operasi dan peningkatan tekanan transmembran. Tekanan transmembran yang 
tinggi memberi kesan terhadap proses perpisahan protein kerana membran telah 
dicemari oleh bahan yang tidak dikehendaki.  
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INTRODUCTION 
 
 
 
 
1.1 Background of Study 
 
 
Protein is one of the nutrients.  Some foods contain much higher amounts of 
specific nutrients than others.  It is important to realize that all goods contain more 
than one nutrient and most foods contain substantial amounts of several nutrients.  
Protein is an essential nutrient.  Protein is contained in every part of our body, the 
skin, muscles, hair, blood, body organs, eyes, even fingernails and bone. 
 
 
Proteins play a major role in ensuring our health well being.  There are so 
many functions of proteins in the body.  The primary functions of proteins include 
building and repairing of body tissues, regulation of body processes and formation of 
enzymes and hormones.  Our body requires proteins for the purpose of maintenance 
and healthy growth.  The need for consuming proteins is especially more for infants, 
young children, pregnant women and recovering patients. 
 
 
One example of food that contains protein is milk.  Milk does not contain a 
large quantity of proteins, but it is one of the most excellent sources of protein that 
have a good quality of protein content.  Protein in milk contains all the essential 
amino acids that the body requires.  Milk proteins have different functional 
properties such as solubility, foaming, whipping, emulsification, gelation and flavor 
entrapment ability (Punidadas P. et al., 1999). 
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Milk protein can be separated by using a membrane processes.  Membrane 
processing is a technique that permits concentration and separation without the use of 
heat.  Particles are separated based on their molecular size and shape with the use of 
pressure and specially designed semi-permeable membranes.  There are many types 
of membrane processing.  The commonly used in industry is micro filtration, ultra 
filtration, reverses osmosis and electro dialysis. 
 
 
Cross-flow membrane systems are one of the efficient membrane separation 
methods for protein separation.  In cross-flow filtration, the feed is passed across the 
filter membrane at some pressure difference.  Material which is smaller than the 
membrane pore size passes through the membrane as permeate or filtrate, and 
everything else is retained on the feed side of the membrane as retentate. 
 
 
Another technique for protein separation is using normal isolation.  In this 
method, isoelectric precipitation is used for the isolation of casein from milk. 
 
 
 
 
1.2 Problem Statement 
 
 
There are several methods that we can use for protein fractionation today.  It 
can give different quality of protein produced from there.  So, the study of 
comparative protein separation technique is important because from that technique, it 
will show the effectiveness of the membrane system to separate proteins.  The best 
one of the methods can be choose.  Other than that, we can reduce operating cost 
because before that, the conventional method in industry is difficult to scale up, 
complex and used expensive equipment. 
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1.3 Research Objectives 
 
 
This research was conducted to achieve several objectives.  One of the most 
important objectives is to determine the best method of protein separation by using 
three types of protein separation (ultrafiltration (UF), microfiltration (MF), and 
isolation.  Then the next objective is to increase the percentage of milk protein 
recovered using protein separation system.  The last objective will be comparison the 
quantity of protein in deferent types of milk. 
 
 
 
 
1.4 Research Scope 
 
 
The first scope for this work is to find the most effective techniques for 
protein separation based on the crossflow rate, transmembrane pressure and permeate 
flow.  The transmembrane pressure can be define as a difference in pressure between 
the filtrate side of the membrane and the permeate side of the membrane.  The 
second scope of this work is to determine the best method to produce high quantity 
of milk protein and the last scope is to study the different quantity of milk protein in 
the various types of milk. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
 Milk is produced by the mammary glands of female mammals.  It provides 
the primary source of nutrition for newborn mammals before they are able to digest 
other types of food.  The composition of milk differs widely between species.  
Factors such as the type of protein, the levels of various vitamins and minerals, and 
the size of the bufferfat globules and the strength of the curd are among those than 
can vary. 
 
 
 
 
2.1.1 Structure of Protein 
 
 
 Proteins are organic compounds containing of small units.  These units are 
the amino acids or we can call it building blocks of protein.  As we know that there 
are 20 different amino acids which are commonly known.  Each different protein is 
composed of various amino acids put together with almost limitless combinations.  
Most proteins are large molecules that may contain several hundred amino acids 
arranged in branches and chains.  Proteins are chains of amino acid molecules 
connected by peptide bonds. 
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Figure 2.1: Protein Chain with Peptide Bond 
 
 
 The structure of protein divided into four, which are primary structure, 
secondary structure, tertiary structure, and quaternary structure.  The primary 
structure of proteins consists of a polypeptide chain of amino acids residues joined 
together by peptide linkages.  Amino acids contain both a weakly basic amino group, 
and weakly acid carboxyl group both connected to a hydrocarbon chain.  The three 
dimensional organization of proteins, also involves secondary, tertiary, and 
quaternary structures.  The secondary structure refers to spatial arrangement of 
amino acid residues that are near one another in the linear sequence.  The alpha-helix 
and β-pleated sheat are examples of secondary structures arising from regular and 
periodic steric relationships. 
 
 
 The tertiary structure refers to the spatial arrangement of amino acid residues 
that are far apart in the linear sequence, giving rise to further coiling and folding.  If 
the protein is tightly coiling and folded into a somewhat spherical shape, it is called a 
globular protein.  If the protein consists of long polypeptide chains which are 
intermolecularly linked, they are called fibrous proteins.  Quanternary structure 
occurs when proteins with two or more polypeptide chain subunits are associated. 
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Milk contains 3.3% total protein.  There are 9 essential amino acids in milk 
proteins required by humans.  Milk proteins are synthesized in the mammary gland, 
but 60% of the amino acids used to build the proteins are obtained from the cow’s 
diet.  Total milk protein content and amino acid composition varies with cow breed 
and individual animal genetics. 
 
 
There are 2 major categories of milk protein that are broadly defined by their 
chemical composition and physical properties.  The casein family contains 
phosphorus and will coagulate or precipitate at pH 4.6.  The serum (whey) proteins 
do not contain phosphorus, and these proteins remain in solution in milk at pH 4.6.  
The principle of coagulation, or curd formation, at reduced pH is the basis for cheese 
curd formation.  In cow's milk, approximately 82% of milk protein is casein and the 
remaining 18% is serum, or whey protein. 
 
 
 
 
2.1.2 Milk Protein Fractionation 
 
 
 The nitrogen content of milk is distributed among caseins (76%), whey 
proteins (18%), and non-protein (NPN) (6%).  This does not include the minor 
proteins that are associated with the FGM.  This nitrogen distribution can be 
determined by the Rowland fractionation methods, which is precipitation at pH 4.6 to 
separates caseins from whey nitrogen and precipitation with sodium acetate and 
acetic acid (pH 5.0) to separates total proteins from whey NPN. 
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The concentration of proteins in milk is given in the table 2.1: 
 
 
Table 2.1: Concentration of Protein in Milk 
 grams/ litre % of total protein 
Total Protein 33 100 
Total Caseins 26 79.5 
Alpha s1 
Alpha s2 
Beta 
Kappa 
10 
2.6 
9.3 
3.3 
30.6 
8.0 
28.4 
10.1 
Total Whey Proteins 6.3 19.3 
Alpha lactalbumin 
Beta lactoglobulin 
BSA 
Immunoglobulins 
Proteose peptone 
1.2 
3.2 
0.4 
0.7 
0.8 
3.7 
9.8 
1.2 
2.1 
2.4 
 
 
Caseins, as well as their structural form casein micelles, whey proteins, and 
milk enzymes will now be examined in further detail. 
 
 
 
 
2.1.3 Quality of Milk Protein 
 
 
 The protein in milk has a quality higher than many other foods but the 
quantity of milk protein is low due to high water content.  There are all the essential 
amino acids in the milk protein.  These amino acids are required by the body for 
optimum growth, for this reason more of the protein can be used for protein 
anabolism so there’s less chance the protein in milk will be converted to fat and 
store. 
 
 
 Protein can be used for building parts of the human body.  It can be 
determined by the type and amounts of amino acids present in the particular protein 
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molecule.  The body has the ability to interconvert and make some of the amino 
acids.  However, not all the amino acids can put together in the body but only eight 
of the amino acids.  It is must be supplied by food we eat.  These eight amino acids 
are called essential amino acids.  The value of proteins can be determined by the 
presence in adequate amounts of the eight essential amino acids.  The protein of 
cereals, most beans, and vegetables may contain all the essential amino acids, but the 
amounts in these foods are less than ideal. 
 
 
 
 
2.1.4 Protein Requirement 
 
 
The amount of protein needed varies for different age groups, size and growth 
stage.  Protein is required for maintaining body tissues for an adult that is in the level 
to achieved maximum growth.  Periods of growth, including infancy, childhood and 
pregnancy, increase the protein need to provide building materials.  Other than that, 
the physiological states such as injury, surgery, or burns, increase the need for 
protein to provide repairing materials.  The following table gives the recommended 
dietary allowances for different group, established by the Food and Nutrition Board, 
National Academy of Sciences, National Research Council.  1980 Revised (Georgia 
C. Lauritzen, 1992). 
 
 
Table 2.2: The recommended dietary allowances for different group 
 
Amount of Protein Needed Daily (Grams) 
Children Women Man 
Age Gram Age Gram Age Gram 
       1-3                     23 
       4-6                     30 
      7-10                    34 
     11-14                   46 
     15-18                   46 
     19-22                   44 
       23+                    44 
   Pregnant               +30 
   Lactating              +20 
      11-14                  45 
      15-18                  56 
      19-22                  56 
        23+                   56 
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Protein yields approximately 4 calories per gram, which is the same energy 
concentration as carbohydrate.  The recommended level of protein intake for the 
general population is 12 to 15 percent of total calories.  Therefore, someone 
consuming 2,000 calories per day has an energy equivalent of 240 to 300 calories (60 
to 75 grams) of protein per day. 
 
 
 
 
2.1.5 Food Source 
 
 
Protein is available from both animal and plant sources.  The typical U.S. diet 
is a mixture of protein sources (Georgia C. Lauritzen, 1992).  Variety in choices will 
provide an adequate diet.  The following table shows protein content in some typical 
foods. 
 
 
Table 2.3: Protein Content in Some Typical Foods 
Food Amount Protein in Gram 
Chicken 
Ground Beef 
Pork Chop, lean 
Milk non-fat (skim) 
Egg 
Cheddar Cheese 
Beans 
3 oz. 
3 oz. 
2 oz. 
1 cup 
1 
1 oz. 
3/4 cup 
20 
21 
15 
8.35 
6 
7 
11 
 
 
 Milk definitely serves as one of the most excellent sources of proteins and 
this can be attributed to its rich quality protein content.  Protein in milk contains all 
the essential amino acids that the body requires.  About half the milk produced in the 
United States is sold as fluid milk and cream.  Much of the rest comes to the market 
as butter, cheese, and ice cream.  The available market forms of milk include fluid 
milk - whole, reduced fat (2 percent), low fat (1 percent), fat-free (non fat), 
chocolate, and many others like dry milk, cream, and cultured milk products such as 
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yogurt and buttermilk.  Here is presented milk proteins table that depicts the protein 
content of milk. 
 
 
Table 2.4: Protein Content of Milk 
Milk (1 cup) Protein (g) 
Milk, reduced fat (2 percent) 
Milk, low fat (1 percent) 
Milk, non-fat (skim) 
Milk, evaporated, non fat, canned 
Milk, evaporated, condensed 
Milk, buttermilk 
Milk, chocolate, regular 
Milk, soy 
8.13g 
8.03g 
8.35g 
19.33g 
24.2g 
8.11g 
7.93g 
6.74g 
 
 
 
 
2.2 Membrane Separation 
 
 
 Proteins are very diverse.  They differ by size, shape, change, hydrophobicity, 
and their affinity for other molecules.  All these properties can be exploited to 
separate them from one another so that they can be studied individually (Alberts, 
Bray et al., 1998) 
 
 
 
 
2.2.1 Principle of Membrane Separation 
 
 
 There are many types of membrane separation.  That is reverse osmosis (RO), 
nanofiltration (NF), ultrafiltration (UF), and microfiltration (MF) process.  The 
membrane separations are used in the dairy industry and have a different purposes: 
 
 
RO – used for dehydration of whey, UF permeate and condensate. 
NF – used when partial desalination of whey, UF permeates or retentate is required. 
 
